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NEEDLE-FREE BLOOD DRAW

BACKGROUND

[0001] Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion in
this section.

[0002] A number of scientific methods have been devel-
oped in the medical field to evaluate physiological conditions
of a person by detecting and/or measuring one or more ana-
lytes in a person’s blood or other bodily fluids or tissues. The
one or more analytes could be any analytes that, when present
in or absent from the blood, or present at a particular concen-
tration or range of concentrations, may be indicative of a
medical condition or health state of the person. The one or
more analytes could include enzymes, reagents, hormones,
proteins, cells or other molecules, such as carbohydrates, e.g.,
glucose.

[0003] In atypical scenario, a person’s blood is drawn and
either sent to a lab or input into a handheld testing device,
such as a glucose meter, where one or more tests are per-
formed to measure various analyte levels and parameters in
the blood. The frequency and regularity of such blood tests
can depend on the type of test and the nature of the condition
or conditions being monitored. For example, testing for blood
glucose concentration for a person with diabetes may be
performed relatively frequently.

SUMMARY

[0004] Inone aspect, a device includes: an evacuated nega-
tive-pressure barrel with an aperture membrane sealing an
aperture at a distal end of the evacuated negative-pressure
barrel, and a housing affixed to, and sealing, a proximal end of
the evacuated negative-pressure barrel; an accelerator barrel
positioned lengthwise within the evacuated negative-pressure
barrel with an open proximal end fixed to the housing and
opening into a chamber within the housing, and having an
open distal end proximate to, and aligned with, the aperture;
a high-pressure gas source configured for filling the chamber
with pressurized gas; a trigger valve situated between, and
forming a hydrostatic boundary between, the chamber and the
open proximal end of the accelerator barrel; a micro-particle
positioned within the accelerator barrel at a launch point
proximate to the trigger valve; and a trigger-valve release
actuator configured for abruptly opening of the trigger valve
to abruptly release the pressurized gas from the chamber and
into the open proximal end of the accelerator barrel, wherein,
the abruptly released pressurized gas is configured to accel-
erate the micro-particle from the launch point to the open
distal end of the accelerator barrel and through the aperture
with sufficient momentum to pierce through the aperture
membrane and penetrate a sufficient depth of dermal tissue
proximate to the distal end of the evacuated negative-pressure
barrel to induce a micro-emergence of blood at the dermal
tissue surface, and wherein, residual negative pressure within
the evacuated negative-pressure barrel is configured to draw
at least a portion of blood from the micro-emergence into the
evacuated negative-pressure barrel through the pierced aper-
ture membrane.

[0005] Inanother aspect, a device includes: an outer barrel
with an aperture at a distal end, and a housing affixed to a
proximal end; a hydrophilic absorptive wick in the outer
barrel, unobstructively surrounding at least a portion of the
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aperture; an inner barrel positioned lengthwise within the
outer barrel with an open proximal end fixed to the housing
and opening into a chamber within the housing, and having an
open distal end proximate to, and aligned with, the aperture;
ahigh-pressure gas source configured for filling the chamber
with pressurized gas; a trigger valve situated between, and
forming a hydrostatic boundary between, the chamber and the
open proximal end of the inner barrel; a micro-particle posi-
tioned within the inner barrel at a launch point proximate to
the trigger valve; and a trigger-valve release actuator config-
ured for abruptly opening of the trigger valve to abruptly
release the pressurized gas from the chamber and into the
open proximal end of the inner barrel, wherein, the abruptly
released pressurized gas is configured to accelerate the micro-
particle from the launch point to the open distal end of the
inner barrel and through the aperture with sufficient momen-
tum to penetrate a sufficient depth of dermal tissue proximate
to the distal end of the outer barrel to induce a micro-emer-
gence of blood at the dermal tissue surface, and wherein, the
hydrophilic absorptive wick is configured to draw at least a
portion of blood from the micro-emergence into outer barrel
through the aperture by capillary action.

[0006] Instill another aspect, a device includes: a negative-
pressure barrel having an aperture opening at a distal end and
a housing affixed to a proximal end; an accelerator barrel
positioned lengthwise within the negative-pressure barrel
with an open proximal end fixed to the housing and opening
into a chamber within the housing, and having an open distal
end proximate to, and aligned with, the aperture; a high-
pressure gas source configured for filling the chamber with
pressurized gas; a trigger valve situated between the chamber
and the open proximal end of the accelerator barrel, the trig-
ger valve having a closed operational state in which the trig-
ger valve is closed so as to form a hydrostatic boundary
between the chamber and the open proximal end of the accel-
erator barrel, and an open operational state in which the
trigger valve is opened so as to remove the hydrostatic bound-
ary; an arming actuator configured for setting the device in an
armed operational state in which (i) the trigger valve is set in
the closed operational state, (ii) the chamber is filled with
pressurized gas, (iii) a micro-particle is positioned within the
accelerator barrel at a launch point proximate to the trigger
valve, (iv) a negative-pressure vacuum is created within the
negative-pressure barrel and within the accelerator barrel
between the open distal end and the closed trigger valve, and
(v) an aperture membrane is configured to seal the aperture
and maintain the negative-pressure vacuum; and a trigger-
valve release actuator configured for causing the trigger valve
to abruptly transition from the closed operational state to the
open operational state, thereby abruptly releasing the pres-
surized gas from the chamber into the open proximal end of
the accelerator barrel, wherein, the abruptly released pressur-
ized gas is configured to accelerate the micro-particle from
the launch point to the open distal end of the accelerator barrel
and through the aperture with sufficient momentum to pierce
through the aperture membrane and penetrate a sufficient
depth of dermal tissue proximate to the distal end of the
negative-pressure barrel to induce a micro-emergence of
blood at the dermal tissue surface, and wherein, the negative-
pressure vacuum within the negative-pressure barrel is con-
figured to draw at least a portion of blood from the micro-
emergence into the negative-pressure barrel through the
pierced aperture membrane.
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[0007] Inyetanother aspect, a method involves: evacuating
anegative-pressure barrel of a device, the evacuated negative-
pressure barrel having an aperture membrane sealing an aper-
ture at a distal end of the negative-pressure barrel, and a
housing affixed to, and sealing, a proximal end of the nega-
tive-pressure barrel, wherein the negative-pressure barrel
contains an accelerator barrel positioned lengthwise within
the negative-pressure barrel with an open proximal end fixed
to the housing and opening into a chamber within the housing,
and having an open distal end proximate to, and aligned with,
the aperture; arming a trigger valve situated between the
chamber and the open proximal end of the accelerator barrel,
the armed trigger valve forming a hydrostatic boundary
between chamber and the open proximal end of the accelera-
tor barrel; configuring a micro-particle within the accelerator
barrel at a launch point proximate to the trigger valve; by
abruptly releasing the armed trigger valve, abruptly releasing
pressurized gas from the chamber and into the open proximal
end of the accelerator, wherein, the abruptly released pressur-
ized gas is configured to accelerate the micro-particle from
the launch point to the open distal end of the accelerator barrel
and through the aperture with sufficient momentum to pierce
through the aperture membrane and penetrate a sufficient
depth of dermal tissue proximate to the distal end of the
negative-pressure barrel to induce a micro-emergence of
blood at the dermal tissue surface; and drawing at least a
portion of blood from the micro-emergence into the evacu-
ated negative-pressure barrel through the pierced aperture.
[0008] In yet one further aspect, a method involves: con-
figuring a micro-particle at a launch point at a proximal end of
an accelerator barrel of a hand-portable hyperspeed micro-
particle accelerator device, wherein the accelerator barrel is
positioned lengthwise within an outer barrel of the hand-
portable hyperspeed micro-particle accelerator device and
has an open distal end proximate to, and aligned with, an
aperture at a distal end of the outer barrel; arming the hand-
portable hyperspeed micro-particle accelerator device for
hyperspeed acceleration of the micro-particle; and triggering
the armed hand-portable hyperspeed micro-particle accelera-
tor device to cause the micro-particle to accelerate from the
launch point to the open distal end of the accelerator barrel
and through the aperture with sufficient momentum to pierce
dermal tissue proximate to the distal end of the outer barrel
with no larger than a dermal-pore-sized surface puncture.
[0009] These as well as other aspects, advantages, and
alternatives, will become apparent to those of ordinary skill in
the art by reading the following detailed description, with
reference where appropriate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A is an example device for needle-free blood
draw displayed in an example use context, in accordance to an
example embodiment.

[0011] FIG. 1B is an example device for needle-free blood
draw displayed in an example use context, in accordance to an
alternative example embodiment.

[0012] FIG.2isablock diagram of a device for needle-free
blood draw, according to an example embodiment.

[0013] FIG. 3 is an example schematic representation
device for needle-free blood draw, according to an example
embodiment.

[0014] FIG. 4 is an example schematic representation
device for needle-free blood draw, according to an alternative
example embodiment.
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[0015] FIG. 5 is a flowchart of an example method of
needle-free blood draw using a device for needle-free blood
draw, according to an example embodiment.

DETAILED DESCRIPTION

[0016] In the following detailed description, reference is
made to the accompanying figures, which form a part hereof.
In the figures, similar symbols typically identify similar com-
ponents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, figures,
and claims are not meant to be limiting. Other embodiments
may be utilized, and other changes may be made, without
departing from the scope of the subject matter presented
herein. It will be readily understood that the aspects of the
present disclosure, as generally described herein, and illus-
trated in the figures, can be arranged, substituted, combined,
separated, and designed in a wide variety of different con-
figurations, all of which are explicitly contemplated herein.
[0017] Further, while embodiments disclosed herein make
reference to use on or in conjunction with a living human
body, it is contemplated that the disclosed methods, systems
and devices may be used in any environment where needle-
free drawing of blood, and/or needle-free, sub-dermal deliv-
ery of diagnostic and/or therapeutic substance, is desired. The
environment may be any living or non-living body or a por-
tion thereof, a fluid conduit, a fluid reservoir, etc.

1. OVERVIEW

[0018] Some types of medical testing involve analysis of
very small blood samples from a person (e.g., a medical
patient). For example, monitoring of a blood-sugar level may
be able to be achieved with just a tiny droplet of blood (e.g.,
a fraction of a milliliter). Common techniques of medical
blood extraction typically entail piercing the dermal tissue
(skin) with a small needle or lancet (a “piercing element™),
and collecting blood from the puncture point. In the case of a
hollow needle, collection may be made below the skin, in a
vein or capillary for example. For a lancet or non-hollow
needle, collection may be made at the skin surface as the
blood emerges.

[0019] Generally, the smaller the puncture, the smaller the
degree of discomfort that may accompany a blood draw.
Consequently, very small diameter needles or lancets may be
considered advantageous for purposes at least of comfort of
the patient. In practice, small piercing elements can be inte-
grated in small, hand-portable implements that can be used by
a healthcare practitioner, or even the patient, to collect a small
sample of the patient’s blood and provide it to a lab for testing.
[0020] While decreasing the size (e.g., diameter) of a pierc-
ing element can help decrease discomfort, it can also reduce
the tensile strength of the piercing element so that it can no
longer pierce dermal tissue, but bends or breaks when applied
instead. In particular, the size limit at which the tensile
strength of a piercing element is no longer sufficient to reli-
ably pierce dermal tissue may still be larger than that at which
the discomfort associated with piercing dermal tissue van-
ishes or becomes imperceptible. Accordingly, example
embodiments disclosed herein provide an example device
and technique for medical extraction of blood that can imper-
ceptibly pierce dermal tissue without a piercing element.
[0021] Inoneexample, a small, device can include a pneu-
matic particle accelerator for imparting a micro-particle with
a sufficient momentum to cause it to pierce dermal tissue deep
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enough to induce a micro-emergence of blood at the surface
of the dermal tissue. In accordance with example embodi-
ments, the micro-particle can be small enough, and can be
accelerated fast enough and to a high enough kinetic energy,
to imperceptibly pierce the dermal tissue. The device can
include a vacuum barrel that, when positioned at or above the
dermal tissue surface at the entry point of the micro-particle,
can draw at least a portion of blood from the micro-emer-
gence. Also in accordance with example embodiments, the
micro-emergence of blood can be of sufficient volume for a
variety of medical blood analysis tests. In one example, the
device could be hand-held, and comparable in size and form
factor to a pencil or conventional hypodermic needle-carry-
ing barrel. In another example, the device could be wearable,
for instance attached to a wristband, and comparable in size
and form factor to a small electronic device, such as USB
flash memory drive. Other sizes and form factors are possible
as well.

[0022] In accordance with example embodiments, an
example small, device can include an outer barrel having an
aperture at a distal end and a housing at a proximal end. The
device can also include an inner barrel positioned lengthwise
within the outer barrel, with an open proximal end attached to
the housing and with an open distal end proximate to, and
aligned with, the aperture. The outer and inner barrels can be
co-aligned along a straight or curved lengthwise direction.
The housing can include a chamber where the open proximal
end of inner barrel attaches to the housing, and into which the
open proximal end of the inner barrel opens. The chamber can
also include or contain a pressurized gas source is located.
The chamber and the open proximal end of the inner barrel
can be separated by a trigger valve, which in a closed opera-
tional state forms a hydrostatic boundary between the cham-
ber and the open proximal end of the inner barrel.

[0023] In further accordance with example embodiments,
the trigger valve can include a trigger-valve release actuator,
capable of abruptly opening the closed trigger valve instan-
taneously (i.e., nearly instantaneously). When the trigger
valveis in an open operational state, the chamber and the open
proximal end of the inner barrel are hydro-dynamically con-
nected to one another, such that gas can flow from one to the
other according to any pressure differential between them.
[0024] In further accordance with example embodiments, a
micro-particle can be positioned at a launch point within the
inner barrel at the proximal end of the inner barrel, near the
trigger valve. The outer barrel can be evacuated to negative
internal pressure (with respect to air pressure outside the
outer barrel), and sealed with a membrane covering the aper-
ture at the distal end and with the closed trigger valve between
the chamber and the open proximal end of the inner barrel. In
this “armed operational state,” a constant negative pressure
can be maintained throughout the outer barrel and the inner
barrel, up to the closed trigger valve. That is, the negative
pressure corresponds to a vacuum pervading the outer barrel
and the inner barrel, up to the closed trigger valve.

[0025] In an example embodiment, the pressurized gas
source in the chamber can be configured to generate high
pressure gas, for example by a chemical reaction or an elec-
tro-chemical reaction. Such a reaction can be made to occur
extremely rapidly, so as to be nearly instantaneous. Alterna-
tively, the pressurized gas source can be a small container
(e.g., a cartridge) of pre-pressurized gas configured to fit
within the chamber. The pressurized gas source can be con-
sidered to be in a “ready state” when it is capable of instantly
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(or nearly instantly) releasing its pressurized gas through the
closed trigger valve and into the open proximal end of the
inner barrel. For example, in the ready state, the chamber can
be directly filled with the pressurized gas, either from a reac-
tion or a pre-pressurized cartridge, and thereafter maintained
at pressure and ready for release by the closed trigger valve.
Alternatively, a distinct cartridge of pre-pressurized gas can
be located within the chamber, with an outlet connected to the
closed trigger valve. Other arrangements for providing a
ready state of the pressurized gas source are possible as well.

[0026] In further accordance with example embodiments,
the armed operational state of the device can also include the
pressurized gas source being in its ready state. Thus, in the
armed operational state, a vacuum pervades the outer barrel
and the inner barrel up to the closed trigger valve, a micro-
particle is situated in the inner barrel at the launch point, and
the pressurize gas source is ready to deliver a surge of high
pressure gas through the closed trigger valve and directed
through the inner barrel toward the aperture, with the micro-
particle in the direct path of the high-pressure surge. For
descriptive purposes, the proximal end of the device (e.g.,
proximal end of the housing) can be referred to as the
“upstream” end or direction, and the distal end of the device
(e.g., distal end of the outer barrel) can be referred to as the
“downstream” end or direction. This terminology signifies
the direction of the flow of gas and of the micro-particle
motion, from upstream to downstream, when pressure is
released by abrupt opening of the close trigger valve.

[0027] The device can be used to collect a sample of blood
in accordance with example embodiments as follows. With
the device in the armed operational state, the aperture at the
distal end of the outer barrel can be positioned at the surface
of the dermal tissue. More particularly, the device can be
oriented such that the upstream-to-downstream direction is
approximately perpendicular to the surface of the dermal
tissue, with the aperture resting against or just above the
surface. While being held in this position and orientation, the
trigger-valve release actuator can be actuated, resulting in an
instantaneous (or nearly instantaneous) release of pressurized
gas from the chamber into the open proximal end of the inner
barrel. This abrupt release of high pressure gas into the inner
barrel can thus manifest as a sudden surge of pressure enter-
ing the open proximal end of the inner barrel, and rapidly
moving in the downstream direction. When this surge hits the
micro-particle at the launch point, it imparts a very large
impulse that can accelerate the micro-particle rapidly down-
stream in the inner barrel and out the opening at the distal end
of the inner barrel, where the micro-particle then speeds
toward and through the aperture. Even subsequent to the
initial impulse, the high-velocity flow of gas downstream can
continue to accelerate the micro-particle as it moves down-
stream through the inner barrel. It can be shown that the
hydrodynamics of this process can accelerate the micro-par-
ticle to supersonic speed, especially if the inner barrel incor-
porates a shape—such as a nozzle—that conditions the flow,
as described below. In particular, sufficient momentum can be
imparted to the micro-particle by the time it emerges from the
open distal end of the inner barrel so that it breaks through the
membrane (after traveling through the aperture), pierces the
adjacent dermal tissue, and travels to depth several times
larger than its own size before coming to a stop. The high
speed acquired by the micro-particle in this process is
referred to herein as “hyperspeed,” and can approach or
exceed supersonic levels.
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[0028] In accordance with example embodiments, the
micro-particle can be made small enough so that the resulting
cross-sectional size of the puncture to the dermal tissue (e.g.,
approximate cross-sectional size of the micro-particle) is
below a size that would be generally perceptible. At the same
time, the rapidity with which the piercing takes place further
reduces any physical sensation the might be accompanied
with the piercing action. However, the micro-particle can
nevertheless penetrate to a depth that results in a momentary
“micro-emergence” of blood at the site of the piercing. In
further accordance with example embodiments, the process
of the micro-particle breaking through the membrane, pierc-
ing the dermal tissue, and inducing the micro-emergence can
happen sufficiently rapidly that a substantial residual negative
pressure remains in the outer barrel when the micro-emer-
gence occurs. This negative pressure, in turn, can then tend to
draw up at least a portion of the blood in the micro-emer-
gence, thereby collecting blood from an imperceptible pierc-
ing of the dermal tissue—a piercing that is accomplished
without using a piercing element, such as a needle or lancet.
By way of example, a micro-emergence of blood could yield
as little as 0.01 milliliters, roughly comparable to a single
mosquito bite. This is small enough to be imperceptible, but
large enough to carry out a wide variety of medical tests
and/or monitoring.

[0029] In accordance with example embodiments, the
micro-particle can have a spherical, ellipsoidal, or cylindrical
shape (e.g., dart-shaped), and a characteristic size (e.g., diam-
eter) in range of 10 um (microns) -250 um. The micro-
particle can be metallic (e.g., iron or gold) or biodegradable
(e.g., salt, sugar, or polylactic-co-glycolic acid (PLGA)). The
micro-particle can also be composed of multiple, smaller
particles, or an agglomerate of smaller particles. For example,
the micro-particle could be made of nano-sized gold particles
bound together with biodegradable glue. In general, the
higher the density of the micro-particle, the deeper the pen-
etration of the dermal tissue. Other forms and compositions of
micro-particles are possible as well. For example, the micro-
particle could be composed of a liquid, such as water, and take
the form of a small droplet.

[0030] Also in accordance with example embodiments, the
micro-particle can penetrate the dermal tissue to a depth in a
range of 0.25 mm-2 mm. At shallower depths, blood draw
may tend to be superficial, while deep depths may result
intravenous blood draws.

[0031] In further accordance with example embodiments,
the micro-particle can include medication, such that penetra-
tion of the dermal tissue serves to deliver the medication into
the dermal tissue. At shallower depths, delivery can be sub-
cutaneous; at deeper penetration, delivery can be intravenous.
[0032] In accordance with example embodiments, the
membrane used to seal the aperture can be a thin foil. Alter-
natively, an open aperture can be placed directly against the
dermal tissue before evacuating the outer barrel. In this con-
figuration the dermal tissue itself can serve as the membrane.
[0033] In one example, the device can be configured as a
single-use device. In another example, the device can be
configured as a multiple-use device. By way of example, a
single-use device could come pre-configured with a mem-
brane seal on the aperture, and in the armed operational state.
Alternatively, a single-use device could come pre-configured
with the membrane seal, but requiring an arming action to
evacuate the interior volume and arm the trigger valve. Other
configurations of single-use devices are possible as well.
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[0034] Also by way of example, a multiple-use device
could rely on positioning the aperture against the dermal
tissue to form the seal at the aperture, and further require a
subsequent arming action to evacuate the interior volume and
arm the trigger valve to prepare the device for each use. A
multiple-use device could also include a pressurized gas
source capable of providing multiple allocations of pressur-
ized gas, for example using a metering valve, such that each
use of the device gets a new allocation for a new ready state.
In addition, a multiple-use device could include multiple
micro-particles that can be loaded into the inner barrel, for
example by the arming action, also for preparing the device
for each use. Further, a multiple-use device could include a
removable/replaceable collection reservoir for accommodat-
ing each collection of a drawn blood sample.

[0035] Other configurations of multiple-use devices are
possible as well. For example, a multiple-use device could
include a reusable housing with a pressurized gas source and
a trigger-release actuator, and multiple, single-use compo-
nents each including the outer and inner barrels with a micro-
particle pre-positioned at the launch point. A new (i.e.,
replacement) single-use component could be installed in the
reusable housing prior to use. Once installed, the device could
be used for a needle-free blood draw as described, and the
single use component, containing the drawn blood, could be
removed for delivery to a lab or a local analysis apparatus.
[0036] The inner barrel can be described as a hollow cylin-
der, the interior of which forms a cylindrical channel through
which the micro-particle travels, and through which the pres-
sure surge flows from upstream to downstream as it acceler-
ates the micro-particle. In one example, the cylindrical chan-
nel interior of the inner barrel can have circular cross-section
of constant radius along the entire length of the inner barrel,
from its proximal end to its distal end.

[0037] Inanother example, the cylindrical channel interior
of the inner barrel can have circular cross-section of constant
radius along most the length of the inner barrel, except for a
short segment between the open proximal end of the inner
barrel and the launch point, over which the cross-sectional
shape of the cylindrical channel is altered so as to form a
nozzle. For example, within the short nozzle segment, the
inner cylindrical channel can have a portion formed to be
narrower than the rest of the length of the inner barrel. The
hydrodynamic property of such a nozzle is such that the
pressure surge entering the nozzle from the upstream side
emerges from the downstream side as a supersonic flow. Then
by initially positioning the micro-particle at the launch point
on the downstream side of the nozzle, the micro-particle can
receive its initial impulse, and be further accelerated by, a
supersonic flow of gas.

[0038] In accordance with example embodiments, the
cross-sectional diameter of the micro-particle can be config-
ured to be only slightly smaller than the inner diameter or the
inner barrel—i.e., the diameter of the major length of the
inner cylindrical channel (excluding the narrowed diameter
of'the nozzle segment, if any). Thus, the micro-particle can be
a close fit, or a “flush” fit, in cross-sectional size to the diam-
eter of the cylindrical channel, but still have sufficient clear-
ance to travel freely from upstream to downstream under the
power of the pressure surge. This configuration can help
ensure that a majority of the pressure surge stays behind the
micro-particle as it is accelerated, and minimizes portions of
the pressure surge that might tend to leak past the micro-
particle by way of the small clearance between the micro-
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particle and the circular wall of cylindrical channel. In addi-
tion, the vacuum that pervades the interior of the device in the
armed operational state, and while the micro-particle is accel-
erating but has not yet exited the aperture, helps minimize any
drag or backpressure on the micro-particle by minimizing the
mass of gas that can be swept up in front of the micro-particle
as in moves downstream.

[0039] It should be understood that the above embodi-
ments, and other embodiments described herein, are provided
for explanatory purposes, and are not intended to be limiting.
[0040] Further, the term “medical condition” as used herein
should be understood broadly to include any disease, illness,
disorder, injury, condition or impairment—e.g., physiologic,
psychological, cardiac, vascular, orthopedic, visual, speech,
or hearing—or any situation requiring medical attention and/
or monitoring.

2. EXAMPLE DEVICE

[0041] FIG. 1A shows one form of an example device 100
in an example use context for needle-free blood draw from a
hand 102, which is presumed for purposes of illustration to
represent a person (e.g., a medical patient). The device 100 as
shown could be hand-held, such that it is held in place and
operated by an operator’s hand (not shown in FIG. 1A). In the
example use context illustrated in FIG. 1A, the device is
positioned against the index finger of the hand 102. Such an
application might be used to draw a small amount of blood,
for example, for a glucose test.

[0042] The illustration of FIG. 1A is intended to show an
example representative size and form factor for the device
described herein by way of example, although not necessarily
to show specific details of the device. As such, the device 100
can be taken as an example in terms of size relative to a
person’s hand (e.g., hand 102). The apparent cylindrical
shape of the device 100 can also be taken as an example
representative shape. It will be appreciated that specific
implementations of a device for needle-free blood draw in
accordance with example embodiments described herein
could differ in form and size from the device 100 shown in
FIG. 1A. Nevertheless, the device 100 can be taken as gen-
eralized representation for characterizing the size and form
factor of example embodiments, while not necessarily ruling
out other sizes and/or form factors.

[0043] FIG. 1B shows an alternative embodiment of the
form of an example device 104 in an example use context for
needle-free blood draw from a hand 106, again presumed for
purposes of illustration to represent a person (e.g., a medical
patient). The device 104 as shown could be wearable device,
held in place by a wristband, for example (as shown); opera-
tion could be manual or automatic with such a wearable
configuration. In the example use context illustrated in FIG.
1B, the device is positioned against the wrist of the hand 106.
Again, application of the device might be used for drawing a
small amount of blood, for example, for a glucose test.
[0044] Thepositionand orientation ofthe device 100 and or
104, in particular in contact with the index finger or wrist, can
also be taken as representative of how example embodiments
can be applied in practice. Namely, one end of the device 100
or 104 can be held against, or just above, the skin of the finger
or wrist. It is contemplated that an example device could be
applied at other parts or locations of a person for needle-free
blood draw (or for delivery of medications or therapeutic
monitoring substances, for example). For purposes of discus-
sion, the term “dermal tissue” will be used herein to refer to
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the skin of a person (e.g., a medical patient) whose blood is (or
will be) drawn using an example device for needle-free blood
draw. The term “dermal tissue” will similarly apply to
embodiments in which needle-free piercing is used for sub-
dermal delivery of medications or therapeutic monitoring
substances. Furthermore, unless stated otherwise, the term
“dermal tissue” will not necessarily specify or require a par-
ticular part of, or location on, a person.

[0045] FIG. 2 is a functional block diagram of a device 200
for needle-free blood draw in accordance with example
embodiments. The example device 200 can be generally
described has having an elongated shape along what shall be
referred to as a longitudinal dimension (horizontal in the
illustration of FIG. 2). For purposes of discussion, two oppo-
site directions along the longitudinal dimension of the device
200 can be defined. Namely, a “proximal” direction and an
opposite “distal” direction. The device 200 can correspond-
ingly be described as having a proximal end and a distal end.
Various components of the device 200 can similarly be
described as having proximal and distal end or sides. Such
descriptions serve to establish the orientation of the compo-
nents with respect to the proximal and distal directions, and
with respect to each other. In the illustration of FIG. 2, the
proximal direction is depicted to the left, and the distal direc-
tion is depicted to the right. For reasons described below, the
proximal direction is also referred to herein as the “upstream”
direction, and the distal direction is also referred to herein as
the “downstream” direction.

[0046] In accordance with example embodiments, the
device 200 includes an outer barrel 202 with an interior vol-
ume 203, and having an aperture 204 at its distal end. As
shown in the FIG. 2, an inner barrel 206 is positioned longi-
tudinally within, and co-aligned with, the outer barrel 202.
The inner barrel 206 has an interior channel 207 running its
length and is open at both its proximal and distal ends, such
that the inner barrel 206 can be described as forming a tube.
The open distal end of the inner barrel 206 is proximate to,
and aligned with, the aperture 204. The outer barrel 202 is
also referred to below as a “negative pressure” barrel, and the
inner barrel 206 is also referred to below as an “acceleration”
barrel.

[0047] In further accordance with example embodiments,
the distal end of the outer barrel 202 has a membrane 220 that
covers and seals the aperture 204. In an operational position in
which the device is ready (or made ready) for use (e.g., ready
to draw blood), the distal end of the outer barrel 202 is placed
against (or possibly just very close to) dermal tissue 222.
[0048] The device 200 further includes a high-pressure gas
source 208 (labeled “P”) near its proximal end. The high-
pressure gas source 208 is connected to a chamber volume
212 (labeled “V”) by way of an intervening metering valve
210. The chamber volume 212 is, in turn, connected to a flow
conditioner 218 by way of an intervening trigger valve 214.
The flow conditioner 218 feeds into the open proximal end of
the inner barrel 206. A micro-particle 216 is initially posi-
tioned at a launch point within the interior channel 207 of the
inner barrel 206, near its proximal end, and distal of the flow
conditioner 218. Note that the neither the sizes of the com-
ponents, nor their relatives sizes, are necessarily shown to
scale in FIG. 2.

[0049] Example operation of the device 200 can be
described in accordance with example embodiments as fol-
lows. The trigger valve 214 can be configured in a closed state
and an open state, and can include a release actuator (not
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necessarily shown in FIG. 2) for causing the trigger valve to
abruptly transition from its closed to its open state—i.e., to
abruptly open. With the trigger valve in its closed state, such
that it forms a hydrostatic boundary between the chamber
volume 212 and the open proximal end of the inner barrel 206,
the chamber volume 212 is filled with pressurized gas from
the high-pressure gas source 208. Note that the open proximal
end of the inner barrel 206 can actually correspond to the
proximal end of the flow conditioner 218. The metering valve
210 can be used to help ensure that a measured amount of gas
from the high-pressure gas source 208 is allocated for this
purpose. The interior volume 203 of the outer barrel can be
evacuated to form a vacuum within the interior volume 203
and the interior channel 207 up to the trigger valve 214. The
closed trigger valve 214 and the membrane 220 sealing the
aperture 204 can then serve to maintain the vacuum. In this
configuration, the device 200 can be said to be “armed” or in
an “armed state.”

[0050] Inthe armed state, the device 200 can be positioned
and held with its distal end against the dermal tissue 222, as
shown, and with its longitudinal direction approximately per-
pendicular to the dermal tissue surface (as illustrated, for
example, in FIG. 1). While being held in this position, the
release actuator of the trigger valve 214 can be actuated to
cause the trigger valve 214 to abruptly open, thereby abruptly
releasing a surge of pressurized gas from the chamber volume
212 into the open proximal end of the inner barrel 206 by way
of the flow conditioner 218. As discussed below, the flow
conditioner 218 can cause the pressure surge entering its
proximal end to exit the distal end of the flow conditioner 218
as an enhanced flow, possibly even a supersonic flow. This
enhanced flow, traveling in the distal direction, then hits the
micro-particle 216 at the launch point, imparting a large and
sudden impulse, and causing the micro-particle to rapidly
accelerate through the interior channel 207 the open distal
end of the inner barrel 206.

[0051] As the micro-particle 216 travels in the distal direc-
tion, the pressure surge behind it (enhanced by the flow con-
ditioner 218) continues to accelerate it, thereby increasing the
kinetic energy of the micro-particle 216. In addition, the
vacuum within the interior volume 203 and the interior chan-
nel 207 further enhances the initial pressure differential
between the pressurized gas and the evacuated space prior to
the abrupt opening of the trigger valve 214, while at the same
time reducing drag and/or back-pressure on the micro-par-
ticle 216 that might otherwise result from gas swept up in
front of the micro-particle 216 as it accelerates distally. As
described below, the external cross-sectional size and shape
of the micro-particle 216 can be made to be a close fit to the
interior cross-sectional size and shape of the interior channel
207, such that the major portion of the pressure surge remains
behind the micro-particle 216 without leaking past it.

[0052] In accordance with example embodiments, and as
discussed below, the micro-particle 216 can exit the open
distal end of the interior barrel 206 and pass through the
aperture with sufficient momentum (or kinetic energy) to
pierce through the membrane 220 and penetrate deeply
enough into the dermal tissue to cause a micro-emergence of
blood at the surface of the dermal tissue. The residual vacuum
within the interior volume 203 of the outer barrel 202, which
constitutes negative pressure with respect to air pressure out-
side the outer barrel 202—and in particular, at the surface of
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the dermal tissue—can then cause at least a portion of blood
from the micro-emergence to be drawn into the interior vol-
ume 203.

[0053] As described below, the size of the micro-particle
216 can be made sufficiently small, and the kinetic energy
developed by the acceleration process made sufficiently
large, that the action of puncturing the dermal tissue 222 and
causing the micro-emergence of blood can be made imper-
ceptible (or very nearly so) to a person to whom the needle-
free blood draw procedure might be applied. More particu-
larly, the small size of the micro-particle 216 can help ensure
that the cross-sectional size of the dermal-tissue puncture is
smaller than a size that would typically be considered percep-
tible. At the same time, the very high speed attained by the
micro-particle 216 (largely accounting for its high kinetic
energy) can help ensure that the action of puncturing the
dermal tissue 222 can occur sufficiently suddenly and rapidly
to further reduce, or diminish, or eliminate any physical sen-
sation (or perception thereof) that might otherwise result
from the action.

[0054] In the example operational description above, the
gas flow driven by the pressure surge of the released pressur-
ized gas, as well as the micro-particle 216 accelerated by the
gas flow, is directed from the proximal to the distal direction.
Accordingly, the proximal end of the example device 200,
and of the components thereof, is also referred to herein as the
“upstream” end or side. Similarly, the distal end of the
example device 200, and of the components thereof, is also
referred to herein as the “downstream” end or side. Corre-
spondingly, the proximal direction is also referred to herein as
the upstream direction, and the distal direction is also referred
to herein as the downstream direction.

[0055] Additionally, because evacuation of (i.e., forming a
vacuum within) the interior volume 203 of the outer barrel
202 results in negative internal pressure with respect to the
ambient pressure outside the outer barrel 202, the outer barrel
202 is also referred to herein as a “negative-pressure barrel.”
Note that this terminology does not necessarily imply that a
vacuum exists within the negative-pressure barrel at all times,
but rather that the device 200 has at least one operational state
(e.g., the armed state) in which a vacuum exists within the
negative-pressure barrel. Further, it will be appreciated that
the terms “vacuum” and “evacuated” refer to negative internal
pressure with respect to the ambient pressure outside the
outer barrel 202, and can potentially be used to describe
different levels of pressure differential.

[0056] Asa further note regarding terminology used herein,
in view of the use of the inner barrel 206 for accelerating the
micro-particle 216, the inner barrel 206 is also referred to
herein as an “acceleration barrel” As discussed below, a
pressure-drive acceleration barrel, such as the inner barrel
206, can accelerate a micro-particle to nearly supersonic
speed, and possibly higher, by the time the micro-particle
exits the open distal end of the acceleration barrel. Speeds in
this range—namely speeds approaching and/or exceeding
supersonic speed—are referred to herein descriptively and
“hyperspeeds.” Because the acceleration is primarily pres-
sure-driven for the example embodiment shown in FIG. 2, the
physical process of accelerating the micro-particle may be
described as pneumatic. To signify the high speed attained by
the micro-particle, the moniker “hyperspeed particle accel-
erator” will also be used herein to refer to a device for needle-
free blood draw, such as the device 200 described by way of
example above.
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[0057] In practice, the depth of penetration of the micro-
particle, once in exits the aperture 204, can depend on the size
of the pressure surge, density of the micro-particle, and the
cross-sectional diameter of the micro-particle. More particu-
larly, for a given density and cross-sectional diameter, pen-
etration depth is generally found to increase linearly with
pressure. Similarly, for a given pressure and cross-sectional
diameter, penetration depth is generally found to increase
linearly with density; and for a given density and pressure,
penetration depth is generally found to increase linearly with
cross-sectional diameter.

[0058] In some example embodiments, one or more of the
components of a device for needle-free blood draw, such as
the device 200, can be omitted. More specifically, in example
embodiments configured for a single application, the cham-
ber volume 212 can be pre-filled with pressurized gas, or the
high-pressure gas source 208 can be configured to provide
just a single allocation of pressurized gas for filling the cham-
ber volume 212 when the device 200 is armed. For such
“single-use” embodiments, the metering valve 210 might not
serve any purpose, and can therefore be omitted as a compo-
nent. For “multiple-use” embodiments of the device, one
purpose of the metering valve 210 might therefore be to
provide multiple allocations of pressurized gas for multiple
fillings (or re-fillings) the chamber volume 212.

[0059] In some example embodiments, the flow condi-
tioner 218 might not be included. For such embodiments, the
pressure surge of the released pressurized gas can then just
flow directly into the interior channel 207. Alternatively, the
proximal end of the interior channel 207 caninclude a tapered
shape that serves as a backstop to the micro-particle 216,
preventing it from move proximally from the launch point
toward the trigger valve 214. As still a further alternative, the
flow conditioner 218, such as a nozzle segment, could incor-
porate a shape at its distal end that serves as a taper/backstop.
[0060] Insome example embodiments, the membrane 220
might be omitted. For such embodiments, the dermal tissue
might effectively form a membrane to seal the aperture 204 by
placement of the aperture directly against the dermal tissue
prior to or during evacuation of the interior volume 203 of the
negative-pressure barrel. For example, a multiple-use
embodiment could use the dermal tissue as a seal of the
aperture for each of multiple applications of drawing blood.

[0061] Example embodiments of a hand-portable hyper-
speed accelerator for needle-free blood draw can be described
in further detail by considering FIG. 3, which is an example
schematic representation of one form of such a device. In
FIG. 3, a proximal (and upstream) direction is again depicted
to the left, and a distal (and downstream) direction is again
depicted to the right. As shown, a device 300 can include a
negative-pressure barrel 302 with an aperture 304 at its distal
end and an interior volume 322 within. In the operational
context illustrated, the distal end of the negative-pressure
barrel 302 has a membrane 318 that covers and seals the
aperture 304. A housing 306 is affixed to the proximal end of
the negative-pressure barrel 302. The housing 306 contains a
chamber volume 308, which is physically separated from the
interior volume 322 of the negative-pressure barrel 302 (al-
though the two volumes 308 and 322 are represented as
adjacent to one another in the illustration of FIG. 3, they need
not necessarily be so).

[0062] In accordance with example embodiments, an
accelerator barrel 310 can be positioned longitudinally
within, and co-aligned with, the negative-pressure barrel 302.
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The accelerator barrel 310 has an interior channel 312 run-
ning its length with an open distal end and an open, but
sealable, proximal end, such that the accelerator barrel 310
can be described as forming a tube. Note that in the opera-
tional configuration illustrated in FIG. 3, a trigger valve 320 is
depicted as providing a seal covering the open proximal end
of the accelerator barrel 310. The open distal end of the
accelerator barrel 310 is proximate to, and aligned with, the
aperture 304. A horizontal dashed line extending through the
interior channel 312 and the aperture 304 in FI1G. 3 represents
the alignment.

[0063] As depicted by way of example in FIG. 3, the distal
end of the accelerator barrel 310 appears to extend slightly
into the chamber volume 308 ofthe housing 306. The depth of
this extension is not necessarily of significance in the illus-
tration of FIG. 3, but rather is intended to represent that there
is a hydrodynamic connection between the chamber volume
308 and the interior channel 312 (and the interior volume 322
by way of the interior channel 312) when the trigger valve 320
is open (e.g., the seal is absent or removed).

[0064] The interior channel 312 of the accelerator barrel
310 has an interior cross-sectional shape that is constant over
most of its length, except for a short flow-conditioning seg-
ment 314 near the proximal end of the interior channel 312.
The flow-conditioning segment 314 could be a nozzle seg-
ment, for example. By way of example, the interior cross-
sectional shape of the interior channel 312 could be a circle
with a diameter that then defines an “inner diameter” of the
interior channel 312. The inner diameter is indicated by “ID”
in FIG. 3.

[0065] Inaccordance with example embodiments, a micro-
particle 316 can be positioned initially at a launch point
within the interior channel 312, just downstream of the flow-
conditioning segment 314, as shown. The micro-particle can
have an outer cross-sectional shape in a plane perpendicular
to an axis of the acceleration barrel 310 (shown as a horizontal
dashed line in FIG. 3) that is substantially similar in form, and
only very slightly smaller in size, to the outer cross-sectional
shape of the interior channel 312. As such, the micro-particle
can travel freely from the launch point to the open distal end
of the accelerator barrel 310, with only a minute amount of
clearance along the way. In an example configuration, the
interior channel 312 can have an inner diameter in a size range
of 10 um to 250 um, and the micro-particle 316 can have an
outer diameter in a similar range (where 1 pm=107% m). As
discussed below, the micro-particle 316 can have an outer
cross-sectional shape that is not exactly circular or even regu-
lar. For example, in some embodiments, the micro-particle
316 can be an agglomeration of nano-sized particles, such
that its outer cross-sectional shape has some degree of irregu-
larity. In this sense, the “outer diameter” of the micro-particle
316 can be taken to correspond to the diameter of a circle that
circumscribes the outer cross-sectional shape.

[0066] The lower left portion of FIG. 3 shows a magnified
face-on view of the acceleration barrel 310 and the mirco-
particle 316. In this view, the outer cross-sectional shape of
the micro-particle 316 is represented as circular, with an outer
diameter (labeled “OD”) that s slightly smaller than the inner
diameter (ID) of the acceleration barrel 310 (i.e., the cross-
sectional diameter of the interior channel 312). The differ-
ence between ID and OD is designated as A to signify that the
size difference can be small. Note that A also corresponds to
a clearance between the micro-particle 316 and the circular
wall of the interior channel 312 as the micro-particle travels



US 2015/0342509 Al

through the interior channel. For purposes of the discussion
herein, this close fit between the outer cross-sectional shape
and size of the micro-particle 316 and the inner-cross-sec-
tional shape and size of the interior channel 312 is referred to
as a “flush fit,” with the understanding that there is some
degree of clearance (e.g., A) along the entire path through the
interior channel 310 traveled by the micro-particle 316.
[0067] In further accordance with example embodiments,
the device 300 includes a high-pressure gas source 324,
depicted in FIG. 3 as being within the chamber volume 308.
In an alternative configuration (not shown), the high-pressure
gas source 324 could also be situated outside of the chamber
volume 308, but with a means of supplying pressurized gas
into the chamber volume 308. The high-pressure gas source
324 can be configured for filling the chamber volume 308
with pressurized gas for driving the pneumatic acceleration of
the micro-particle 316. In one example, the high-pressure gas
source 324 can be configured for filling the chamber volume
308 just once for a single-use embodiment of the device 300.
In another example, the high-pressure gas source 324 can be
configured for filling the chamber volume 308 multiple times
for multiple-use embodiment of the device 300. In the case of
amultiple-use embodiment, the high-pressure gas source 324
can include a metering valve to control allocations of high-
pressure gas (e.g., the metering valve 210 discussed above in
connection with FIG. 2).

[0068] Also in accordance with example embodiments, the
trigger valve 320 can be configured in a closed state and an
open state. In its closed state, the trigger valve forms a hydro-
static boundary between the chamber volume 308 and the
open proximal end of the accelerator barrel 310. With the
trigger valve inits open state, the chamber volume 308 and the
open proximal end of the accelerator barrel 310 and the inte-
rior channel 312 are hydrodynamically connected. As shown,
the trigger valve 320 can also include a release actuator 326
for causing the trigger valve to abruptly transition from its
closed state to its open state—i.e., to abruptly open.

[0069] By way of example, the trigger valve 320 can be a
barrier placed over the distal end of the accelerator barrel 310
to seal the opening. This form of trigger valve is represented
by the illustration in FIG. 3. The release actuator 326 can take
various forms. In one example, it can be a component con-
figured to deliver an electric voltage and/or current for
abruptly rupturing a barrier-based trigger valve. This form of
release actuator 326 is suggested by a wire-like element in
FIG. 3. In another example, the release actuator 326 can be a
mechanical component that mechanically pierces a barrier-
based trigger valve. In yet another example, the release actua-
tor 326 can be incorporated as a property of a barrier-based
trigger valve that causes the barrier to abruptly rupture when
the pressure of the gas in the chamber volume 308 exceeds a
threshold. As still another example, the trigger barrier could
take the form of a “plug” made of a rapidly-meltable material,
such as crystalline wax, and the release actuator 326 could be
electrical heater wire or coil. Crystalline wax has a very sharp
transition temperature from solid to liquid, such that a plug
(trigger barrier) can be rapidly opened by supplying current to
the wire or coil. It will be appreciated that other forms of the
trigger valve 320 are possible as well.

[0070] Operation of the device 300 for needle-free blood
draw can again be described by way of example. In an opera-
tional position in which the device is ready (or made ready)
for use (e.g., ready to draw blood), the distal end of the outer
barrel 302 is placed against (or possibly just very close t0)
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dermal tissue 330. With the trigger valve 320 in the closed
state, the chamber volume 308 is filled with pressurized gas
from the high-pressure gas source. The interior volume 322 of
the negative-pressure barrel 302 can be evacuated to form a
vacuum within the interior volume 322 and the interior chan-
nel 312 up to the closed trigger valve 320. The closed trigger
valve 320 and the membrane 318 sealing the aperture 304
again serve to maintain the vacuum. In this configuration, the
device 300 armed.

[0071] Inthe armed state, the device 300 can be positioned
and held with its distal end against the dermal tissue 330, as
shown, and with its longitudinal direction approximately per-
pendicular to the dermal tissue surface. While being held in
this position (e.g., manually for a hand-held device or fixedly
for a wearable device), the release actuator 326 can be actu-
ated to cause the trigger valve 320 to abruptly open, abruptly
releasing a surge of pressurized gas from the chamber volume
308 into the open proximal end of the accelerator barrel 310
by way of the flow-conditioner segment 314. As described
above, the pressure surge can accelerate the micro-particle
316 to hyperspeed through the interior channel 312 and the
aperture 304. In the process, the micro-particle 316 can
acquire sufficient kinetic energy to pierce through the mem-
brane 318 and penetrate the dermal tissue. Again, a resulting
micro-emergence of blood from the dermal tissue can be
drawn into the negative-pressure barrel 302 by the vacuum
within.

[0072] In accordance with example embodiment, the
launch point within the interior channel is configured very
nearly next to the trigger valve 320. That is, the proximal side
of flow-conditioner segment 314 can be adjacent to the trig-
ger, and the launch point, where the micro-particle is posi-
tioned in the armed state of the device 300 is adjacent to the
distal side of the flow-conditioner segment 314. The close
proximity of the micro-particle to the source of the pressure
surge (i.e., the trigger valve 320) helps insure that the pressure
surge delivers an impulse to the micro-particle 316, and helps
diminish the possibility of a more gradual pressure build-up
behind the micro-particle 316. By way of example, the dis-
tance between the trigger valve 320 and the micro-particle
320 at the launch point can be configured to be no larger than
the one or two times the diameter of the micro-particle 316.

[0073] In further accordance with example embodiments,
the interior volume 322 can include a reservoir 328 for col-
lecting and holding the drawn blood. The two regions labeled
328 in FIG. 3 can be taken to represent an annulus viewed
from the side. Although not necessarily shown in FIG. 3, the
reservoir can include an absorbent material for more efficient
collection and storage of the drawn blood. By way of
example, the absorbent material can be a hydrophilic absorp-
tive wick (or wicking substance) that can facilitate collection
and storage of drawn blood through capillary action. Such a
wick could form a partial or total annulus around the opening
of the aperture 304, such that is can be close enough to the
dermal puncture to make contact with the micro-emergent
blood to trigger capillary action, but not obstruct the aperture
304 or the micro-particle’s exit path.

[0074] In an alternative embodiment, a wicking substance
could be have sufficient capillary action to reduce or eliminate
the need for vacuum action, reducing or eliminating the role
of the vacuum in the interior volume 322 for drawing up the
micro-emergence of blood. For such an embodiment, evacu-
ation of the interior volume 322 could be omitted from the
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device 300. The hydrophilic wick could instead function
alone in collecting drawn blood.

[0075] In accordance with example embodiments, the
high-pressure gas source 324 can be a container, such as a
cartridge, of pre-pressurized gas that can be released as one or
more allocations for filling the chamber volume 308. For
example, a cartridge could contain compress atmospheric air,
CO,, N,, or He. Other gases could be used as well. It will be
appreciated that the lighter gases will flow faster, and vice
versa. In an alternative configuration, the high-pressure gas
source 324 can be a component configured for generating
high-pressure gas. For example, the high-pressure gas source
324 can use a chemical reaction or electrochemical reaction
that generates gas pressure. One such mechanism can elec-
trolyze water into hydrogen and oxygen gas within the cham-
ber volume. In still another configuration, the high-pressure
gas source 324 can be a component configured for generating
high-pressure gas by mechanical means. For example, a
plunger or piston could be used to compress gas within a
cylinder. The plunger or piston could be actuated by a spring-
loaded release lever, for instance. By way of example, the
pressure in the filled chamber volume 308 (i.e., filled from the
high-pressure gas source 324) could be in a range of 400-1,
000 pounds per square inch (psi). Higher pressures, up to and
possibly exceeding, 5,000 psi could be used as well.

[0076] In further accordance with example embodiments,
the membrane 318 used to seal the aperture 304 could be
made of a thin foil. Similarly, a thin foil could be used for a
barrier-based trigger valve 320. As another example, the
membrane and/or the trigger barrier could be made of mylar.
As described above, a barrier-based trigger valve could be
ruptured mechanically (e.g., by a rupturing implement or by
apressure spike as the chamber volume 308 is filled), or by an
electric spark or other electrical process.

[0077] Inaccordance with example embodiments, the inte-
rior volume 322 of the negative-pressure barrel can be evacu-
ated in a manufacture process of a single-use embodiment.
Alternatively, the device 300 could include an evacuation
actuator that creates a vacuum in the interior volume 322 prior
to a single use of a single-use embodiment, or prior to each of
multiple uses of a multiple-use embodiment. For example, an
evacuation actuator could be a mechanical plunger or piston
that creates a vacuum by being withdrawn from a cylinder.
The cylinder could be connected with the interior volume 322
such that it becomes evacuated as the cylinder is withdrawn.
[0078] Inanalternative multiple-use embodiment, all of the
elements distal of the housing 306 could be manufacture as an
integrated, single-use (e.g., disposable) component, and the
housing 306, the pressurized gas source 324, and the trigger-
release 326 could all be integrated as a multiple-use compo-
nent. In such a “two-component” arrangement, the two com-
ponents could be made to be easily assembled together (e.g.,
snap in place) for a given application of a needle-free blood
draw (or needle-free sub-dermal delivery of medication, for
example). After each use, the disposable component could be
removed and delivered to a blood analysis lab or local appa-
ratus that could fully analyze the blood, or partially analyze it
and upload the partially-analyzed results to a network-based
analysis facility for complete analysis. Alternatively, the mul-
tiple-use component could include an integrated analysis test
module that could perform the test in place. Such an arrange-
ment could be made part of a wearable device, for example.
The disposable component could then be removed and dis-
carded, and a new (unused) disposable component installed.
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[0079] In further accordance with the two-component con-
figuration, the disposable components could be manufactured
to as sterile components, and packaged sterilely. Assembly of
the two components could use a procedure that maintains the
sterility of the disposable component so that it remains sterile
through use and analysis of the blood sample (or delivery of
the medication or therapeutic monitoring substance).

[0080] Inaccordance with example embodiments, both the
single-use and multiple-used configurations can include a
means for sterilizing the dermal tissue prior to application of
the device. By way of example, the distal end of the negative-
pressure barrel could include an alcohol (or other sterilizing
substance) dispenser that flushes the dermal tissue over an
area that will include the puncture point. Alternatively, ster-
ilization could be achieved with a pulse of ultraviolet (UV)
radiation, or a heat pulse. In still further accordance with
example embodiments, an anti-coagulant, such as heparin,
could be applied prior to a blood draw in order to help ensure
that the micro-emergence of blood does not clot before being
drawn up into the reservoir 328. The anti-coagulant could be
applied by an integrated dispenser, for example.

[0081] FIG. 4 is an example schematic representation of an
alternative embodiment of a device 400 for needle-free blood
draw, according to an alternative example embodiment. Spe-
cifically, the device 400 includes most or all of the elements of
the device 300 discussed above, but, as shown, the barrel
elements of the device 400 are curved. A curve configuration
can be used, for example, to accommodate a more compact
form factor than might be accommodated by a straight con-
figuration such as the one shown in FIG. 3. A compact con-
figuration could be beneficial for a wearable embodiment,
such the wristband example illustrated in FIG. 1B.

[0082] The specific elements of the device 400 include a
curved negative pressure barrel 402, with an aperture 404 at
its distal end and an interior volume 422 within. The distal end
of the negative-pressure barrel 402 has a membrane 418 that
covers and seals the aperture 404. A housing 406 is affixed to
the proximal end of the negative-pressure barrel 402. The
housing 406 contains a chamber volume 408, which is physi-
cally separated from the interior volume 422 of the negative-
pressure barrel 402. A high-pressure gas source 424 is con-
figured within the chamber volume 408. In the illustration of
FIG. 4, the sealed aperture 404 is depicted as adjacent to
dermal tissue 430.

[0083] A curved accelerator barrel 410 is positioned co-
linearly with the negative-pressure barrel 402. The accelera-
tor barrel 410 has a curved interior channel 412 running its
length with an open distal end and an open, but sealable,
proximal end. The open distal end of the accelerator barrel
410 is proximate to, and aligned with, the aperture 404. A
curved dashed line extending through the interior channel 412
and the aperture 404 in FIG. 4 represents the alignment. The
interior channel 412 has an interior cross-sectional shape that
is constant over most of its length, except for a short flow-
conditioning segment 414 near the proximal end of the inte-
rior channel 412. The flow-conditioning segment 414 could
be a nozzle segment, for example. In the operational configu-
ration illustrated in FIG. 4, a trigger valve 420 is depicted as
providing a seal covering the open proximal end of the accel-
erator barrel 410. As shown, the trigger valve 420 can also
include a release actuator 426 for causing the trigger valve to
abruptly transition from its closed state to its open state—i.e.,
to abruptly open.
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[0084] A micro-particle 416 can be positioned initially at a
launch point within the interior channel 412, just downstream
of the flow-conditioning segment 414, as shown. The micro-
particle can have an outer cross-sectional shape in a plane
perpendicular to an axis of the acceleration barrel 410 that is
substantially similar in form, and only very slightly smallerin
size, to the outer cross-sectional shape of the interior channel
412.

[0085] Operation of the device 400 for needle-free blood
draw is largely same as that described above for the device
300, and is not described further.

[0086] Note that, as with the illustration ofthe device 200 in
FIG. 2, the neither the sizes of the components, nor their
relatives sizes, of the devices 300 and 400 in FIGS. 3 and 4 are
necessarily shown to scale.

3. ILLUSTRATIVE MICRO-PARTICLES

[0087] In accordance with example embodiments, the
micro-particle can have a spherical, ellipsoidal, or cylindrical
shape, and a characteristic size (e.g., diameter) in range of 10
um (microns) —250 pm. The micro-particle can be metallic
(e.g., iron) or biodegradable (e.g., salt, sugar, or polylactic-
co-glycolic acid (PLGA)). The micro-particle can also be
composed of multiple, smaller particles, or an agglomerate of
smaller particles. For example, the micro-particle could be
made of nano-sized gold particles bound together with bio-
degradable glue. In general, the higher the density of the
micro-particle, the deeper the penetration of the dermal tis-
sue. Other forms and compositions of micro-particles are
possible as well. For example, the micro-particle could be a
small dropletliquid, such as water. Further, the micro-particle
could be positioned at the launch point with a small amount of
liquid (e.g., water) just behind it (i.e., on the proximal—up
stream—side of the particle). This configuration could be
used to effectively increase the mass of the micro-particle,
thereby boosting the total acquired momentum and resulting
dermal penetration depth.

[0088] In further accordance with example embodiments,
the micro-particle can provide therapeutic value beyond just
inducing a micro-emergence of blood for a needle-free blood
draw. For example, a micro-particle could carry medication
for delivery into a patient. Additionally or alternatively, a
micro-particle could have physical properties that make it
suitable for diagnostic monitoring of a patient.

4. EXAMPLE METHOD

[0089] FIG.5isaflowchart illustrating an example method
of needle-free blood draw using a hand-portable hyperspeed
particle accelerator, according to an example embodiment.
The example method could be carried out using a hand-
portable hyperspeed particle accelerator such as the device
300 or 400 discussed above.

[0090] At step 502, a negative-pressure barrel of a hand-
portable hyperspeed particle accelerator is evacuated.

[0091] Atstep 504, atrigger valve situated between a cham-
ber volume and an open proximal end of an acceleration
barrel is armed, or closed. Arming or closing the trigger valve
creates a hydrostatic boundary between the chamber volume
and the interior channel of the accelerator barrel.

[0092] At step 506, a micro-particle is configured a launch
point within the accelerator barrel, proximate to the trigger
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valve. As described above, the launch point is downstream of
the trigger valve, but near the proximal end of the accelerator
barrel.

[0093] Atstep 508, the armed trigger valve is abruptly open
to abruptly release pressurized gas from the chamber volume
into the open proximal end of the accelerator barrel. As
described above, the resulting surge of gas can accelerate the
micro-particle to hyperspeed, approaching or exceeding the
speed of sound. The micro-particle can thereby attain enough
kinetic energy to pierce through a membrane, such as a thin
foil, covering an aperture at the distal end of the negative-
pressure barrel, and penetrate dermal tissue proximate to the
aperture. Penetration of the dermal tissue can then result in a
micro-emergence of blood at the surface of the dermal tissue.
[0094] At step 510, at least a portion of blood from the
micro-emergence of blood is drawn into the negative-pres-
sure barrel through the aperture.

[0095] In further accordance with example embodiments,
the hand-portable hyperspeed particle accelerator can be con-
figured for multiple applications by repeating the steps 502-
510. Specifically, the negative-pressure barrel can be
re-evacuated, the trigger valve can be re-armed, and a replace-
ment micro-particle can be re-configured at the launch point.
A subsequent application of needle-free blood drawing can
then be accomplished by re-releasing the re-armed trigger
valve, and again drawing at least a portion of blood from a
subsequent micro-emergence of blood at the dermal tissue
surface.

[0096] It will be appreciated that the steps shown in FIG. 5
are meant to illustrate a method in accordance with example
embodiments. As such, various steps could be altered or
modified, the ordering of certain steps could be changed, and
additional steps could be added, while still achieving the
overall desired operation.

[0097] Themethodillustrated in FIG. 5 can be viewed more
generally as a method for creating a pore-size skin puncture
by accelerating a micro-particle at a dermal tissue surface
using a hand-portable hyperspeed micro-particle accelerator.
The generalized steps of the method include configuring a
micro-particle at a launch point at a proximal end of an
accelerator barrel of a hand-portable hyperspeed micro-par-
ticle accelerator device. The accelerator barrel can be posi-
tioned lengthwise within an outer barrel of the hand-portable
hyperspeed micro-particle accelerator device and can have an
open distal end proximate to, and aligned with, an aperture at
adistal end of the outer barrel. The hand-portable hyperspeed
micro-particle accelerator device can be armed, such that it is
placed in a ready state for accelerating the micro-particle. In
the armed state, the hand-portable hyperspeed micro-particle
accelerator device can then be triggered, thereby causing the
micro-particle to accelerate from the launch point to the open
distal end of the accelerator barrel and through the aperture
with sufficient momentum to pierce dermal tissue and creat-
ing a surface puncture no larger than a dermal pore in size.
[0098] While the hand-portable hyperspeed micro-particle
accelerator device has been described by way of example
embodiment as a pneumatic accelerator, other embodiments
of micro-particle accelerator mechanism are possible. For
example, hyperspeed acceleration of a micro-particle could
be achieve with an electromagnetic railgun, for example.
Such an alternative embodiment could also be used for
needle-free blood draw (or sub-dermal delivery of medicine
or therapeutic monitoring substances) in manner similar to
the methods discussed above.
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5. CONCLUSION

[0099] While various aspects and embodiments have been
disclosed herein, other aspects and embodiments will be
apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration
and are not intended to be limiting, with the true scope being
indicated by the following claims.

What is claimed is:

1. A device comprising:

an evacuated negative-pressure barrel with an aperture

membrane sealing an aperture at a distal end of the
evacuated negative-pressure barrel, and a housing
affixed to, and sealing, a proximal end of the evacuated
negative-pressure barrel;

an accelerator barrel positioned lengthwise within the

evacuated negative-pressure barrel with an open proxi-
mal end fixed to the housing and opening into a chamber
within the housing, and having an open distal end proxi-
mate to, and aligned with, the aperture;

a high-pressure gas source configured for filling the cham-

ber with pressurized gas;

atrigger valve situated between, and forming a hydrostatic

boundary between, the chamber and the open proximal
end of the accelerator barrel,
a micro-particle positioned within the accelerator barrel at
a launch point proximate to the trigger valve; and

a trigger-valve release actuator configured for abruptly
opening of the trigger valve to abruptly release the pres-
surized gas from the chamber and into the open proximal
end of the accelerator barrel,
wherein, the abruptly released pressurized gas is config-
ured to accelerate the micro-particle from the launch
point to the open distal end of the accelerator barrel and
through the aperture with sufficient momentum to pierce
through the aperture membrane and penetrate a suffi-
cient depth of dermal tissue proximate to the distal end
of the evacuated negative-pressure barrel to induce a
micro-emergence of blood at the dermal tissue surface,

and wherein, residual negative pressure within the evacu-
ated negative-pressure barrel is configured to draw at
least a portion of blood from the micro-emergence into
the evacuated negative-pressure barrel through the
pierced aperture membrane.

2. The device of claim 1, wherein the device is configured
to be one of a hand-held device or a wearable device.

3. The device of claim 1, wherein the negative pressure
barrel and the accelerator barrel are both curved along a
co-linear, lengthwise direction.

4. The device of claim 1, wherein the high-pressure gas
source is selected from a list consisting of a container of
compressed gas, a chemically-reactive gas pressure generator
apparatus, an electro-chemical gas pressure generator appa-
ratus, and a mechanical pressure generator.

5. The device of claim 1, wherein the accelerator barrel
comprises an inner cylindrical channel having a constant
interior cross-sectional shape between the launch point and
the open distal end,

and wherein the micro-particle has an exterior cross-sec-

tional shape configured to be a flush fit to the constant
interior cross-sectional shape of channel and at the same
time not impede free longitudinal motion of the micro-
particle through the channel.

Dec. 3, 2015

6. The device of claim 5, wherein the interior cross-sec-
tional shape of the inner cylindrical channel is circular and the
exterior cross-sectional shape of the micro-particle is sub-
stantially circular.

7. The device of claim 5, wherein the inner cylindrical
channel comprises a nozzle segment situated between the
launch point and the trigger valve, the nozzle segment being
configured to cause the abruptly released pressurized gas
entering from the chamber to exit the nozzle segment toward
the micro-particle as a supersonic flow.

8. The device of claim 5, wherein the inner cylindrical
channel comprises a taper segment situated between the
launch point and the trigger valve, the taper segment forming
abackstop configured to prevent motion of the micro-particle
from the launch point toward the trigger valve.

9. The device of claim 5, wherein the trigger valve com-
prises a trigger barrier configured to form a hydrostatic seal
between the chamber and the open proximal end of the accel-
erator barrel,

and wherein the trigger-valve release actuator comprises a
rupture actuator configured for abruptly rupturing the
trigger barrier to abruptly break the hydrostatic seal.

10. The device of claim 1, further comprising a reservoir at
the distal end of the negative-pressure barrel configured for
collecting and holding the at least a portion of blood drawn.

11. The device of claim 6, wherein the inner cylindrical
channel has an inner diameter in a range from 10 pm to 250
pm,

and wherein the substantially circular cross-sectional
shape of the micro-particle is circumscribed by a circle
having a diameter in a range from 10 um to 250 um.

12. The device of claim 1, wherein the micro-particle com-
prises an agglomeration of nanoparticles bound together with
a biodegradable matrix.

13. The device of claim 12, wherein the nanoparticles
comprise nano-sized gold particles and the biodegradable
matrix comprises polylactic-co-glycolic acid.

14. A device comprising:

an outer barrel with an aperture at a distal end, and a
housing affixed to a proximal end;

a hydrophilic absorptive wick in the outer barrel, unob-
structively surrounding at least a portion of the aperture;

an inner barrel positioned lengthwise within the outer bar-
rel with an open proximal end fixed to the housing and
opening into a chamber within the housing, and having
an open distal end proximate to, and aligned with, the
aperture;

a high-pressure gas source configured for filling the cham-
ber with pressurized gas;

a trigger valve situated between, and forming a hydrostatic
boundary between, the chamber and the open proximal
end of the inner barrel;

a micro-particle positioned within the inner barrel at a
launch point proximate to the trigger valve; and

a trigger-valve release actuator configured for abruptly
opening of the trigger valve to abruptly release the pres-
surized gas from the chamber and into the open proximal
end of the inner barrel,

wherein, the abruptly released pressurized gas is config-
ured to accelerate the micro-particle from the launch
point to the open distal end of the inner barrel and
through the aperture with sufficient momentum to pen-
etrate a sufficient depth of dermal tissue proximate to the
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distal end of the outer barrel to induce a micro-emer-
gence of blood at the dermal tissue surface,

and wherein, the hydrophilic absorptive wick is configured
to draw at least a portion of blood from the micro-
emergence into outer barrel through the aperture by
capillary action.

15. A device comprising:

a negative-pressure barrel having an aperture opening at a
distal end and a housing affixed to a proximal end;

an accelerator barrel positioned lengthwise within the
negative-pressure barrel with an open proximal end
fixed to the housing and opening into a chamber within
the housing, and having an open distal end proximate to,
and aligned with, the aperture;

a high-pressure gas source configured for filling the cham-
ber with pressurized gas;

a trigger valve situated between the chamber and the open
proximal end of the accelerator barrel, the trigger valve
having a closed operational state in which the trigger
valve is closed so as to form a hydrostatic boundary
between the chamber and the open proximal end of the
accelerator barrel, and an open operational state in
which the trigger valve is opened so as to remove the
hydrostatic boundary;

an arming actuator configured for setting the device in an
armed operational state in which (i) the trigger valve is
set in the closed operational state, (ii) the chamber is
filled with pressurized gas, (iii) a micro-particle is posi-
tioned within the accelerator barrel at a launch point
proximate to the trigger valve, (iv) a negative-pressure
vacuum is created within the negative-pressure barrel
and within the accelerator barrel between the open distal
end and the closed trigger valve, and (v) an aperture
membrane is configured to seal the aperture and main-
tain the negative-pressure vacuum; and

a trigger-valve release actuator configured for causing the
trigger valve to abruptly transition from the closed
operational state to the open operational state, thereby
abruptly releasing the pressurized gas from the chamber
into the open proximal end of the accelerator barrel,

wherein, the abruptly released pressurized gas is config-
ured to accelerate the micro-particle from the launch
point to the open distal end of the accelerator barrel and
through the aperture with sufficient momentum to pierce
through the aperture membrane and penetrate a suffi-
cient depth of dermal tissue proximate to the distal end
of the negative-pressure barrel to induce a micro-emer-
gence of blood at the dermal tissue surface,

and wherein, the negative-pressure vacuum within the
negative-pressure barrel is configured to draw at least a
portion of blood from the micro-emergence into the
negative-pressure barrel through the pierced aperture
membrane.

16. The device of claim 15, wherein the high-pressure gas
source is selected from a list consisting of a container of
compressed gas, a chemically-reactive gas pressure generator
apparatus, an electro-chemical gas pressure generator appa-
ratus, and a mechanical pressure generator.

17. The device of claim 15, wherein the accelerator barrel
comprises an inner cylindrical channel having a constant
interior cross-sectional shape between the launch point and
the open distal end,

and wherein the micro-particle has an exterior cross-sec-
tional shape configured to be a flush fit to the constant
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interior cross-sectional shape of channel and at the same
time not impede free longitudinal motion of the micro-
particle through the channel.

18. The device of claim 17, wherein the interior cross-
sectional shape ofthe inner cylindrical channel is circular and
the exterior cross-sectional shape of the micro-particle is
substantially circular.

19. The device of claim 17, wherein the inner cylindrical
channel comprises a nozzle segment situated between the
launch point and the trigger valve, the nozzle segment being
configured to cause the abruptly released pressurized gas
entering from the chamber to exit the nozzle segment toward
the micro-particle as a supersonic flow.

20. The device of claim 17, wherein the inner cylindrical
channel comprises a taper segment situated between the
launch point and the trigger valve, the taper segment forming
abackstop configured to prevent motion of the micro-particle
from the launch point toward the trigger valve.

21. The device of claim 17, wherein the trigger valve com-
prises a trigger barrier configured to form a hydrostatic seal
between the chamber and the open proximal end of the accel-
erator barrel when the trigger valve is set in the closed opera-
tional state,

and wherein the trigger-valve release actuator comprises a

rupture actuator configured for abruptly rupturing the
trigger barrier to abruptly break the hydrostatic seal.

22. The device of claim 21, wherein the arming actuator is
further configured for reconfiguring a replacement trigger
barrier to set the trigger valve in the closed operational state
for each of two or more separate instances of the arming
actuator setting the device in the armed operational state.

23. The device of claim 15, further comprising a metering
valve configured for controlling separate refill allocations of
pressurized gas from the high-pressure gas source to fill the
chamber for each of two or more separate instances of the
arming actuator setting the device in the armed operational
state.

24. The device of claim 15, wherein the dermal tissue
surface serves as the aperture membrane by placement of the
aperture in direct contact against the dermal tissue surface.

25. The device of claim 15, further comprising a reservoir
at the distal end of the negative-pressure barrel configured for
collecting and holding the at least a portion of blood drawn.

26. The device of claim 14, wherein the micro-particle
comprises a micro-droplet of liquid.

27. The device of claim 14, wherein the micro-particle
comprises a medically therapeutic substance.

28. A method comprising:

evacuating a negative-pressure barrel of a device, the

evacuated negative-pressure barrel having an aperture
membrane sealing an aperture at a distal end of the
negative-pressure barrel, and a housing affixed to, and
sealing, a proximal end of the negative-pressure barrel,
wherein the negative-pressure barrel contains an accel-
erator barrel positioned lengthwise within the negative-
pressure barrel with an open proximal end fixed to the
housing and opening into a chamber within the housing,
and having an open distal end proximate to, and aligned
with, the aperture;

arming a trigger valve situated between the chamber and

the open proximal end of the accelerator barrel, the
armed trigger valve forming a hydrostatic boundary
between chamber and the open proximal end of the
accelerator barrel,;
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configuring a micro-particle within the accelerator barrel at
a launch point proximate to the trigger valve;

by abruptly releasing the armed trigger valve, abruptly
releasing pressurized gas from the chamber and into the
open proximal end of the accelerator, wherein, the
abruptly released pressurized gas is configured to accel-
erate the micro-particle from the launch point to the
open distal end of the accelerator barrel and through the
aperture with sufficient momentum to pierce through the
aperture membrane and penetrate a sufficient depth of
dermal tissue proximate to the distal end of the negative-
pressure barrel to induce a micro-emergence of blood at
the dermal tissue surface; and

drawing at least a portion of blood from the micro-emer-
gence into the evacuated negative-pressure barrel
through the pierced aperture.

29. The method of claim 28, further comprising, subse-

quent to drawing the at least a portion of blood:

re-evacuating the negative-pressure barrel of a device;

re-arming the trigger valve;

re-configuring a replacement micro-particle within the
accelerator barrel at the launch point;
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abruptly re-releasing the re-armed trigger valve; and

drawing at least a portion of blood from a subsequent
micro-emergence at the dermal tissue surface.

30. A method comprising:

configuring a micro-particle at a launch point at a proximal
end of an accelerator barrel of a hand-portable hyper-
speed micro-particle accelerator device, wherein the
accelerator barrel is positioned lengthwise within an
outer barrel of the hand-portable hyperspeed micro-par-
ticle accelerator device and has an open distal end proxi-
mate to, and aligned with, an aperture at a distal end of
the outer barrel;

arming the hand-portable hyperspeed micro-particle accel-
erator device for hyperspeed acceleration of the micro-
particle; and

triggering the armed hand-portable hyperspeed micro-par-
ticle accelerator device to cause the micro-particle to
accelerate from the launch point to the open distal end of
the accelerator barrel and through the aperture with suf-
ficient momentum to pierce dermal tissue proximate to
the distal end of the outer barrel with no larger than a
dermal-pore-sized surface puncture.
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